We systematically investigated the comparative efficacy of three different cytokine regimens, administered after a reperfused myocardial infarction, in regenerating cardiac tissue and improving left ventricular (LV) function. Wild-type (WT) mice underwent a 30-minute coronary occlusion followed by reperfusion and received vehicle, granulocyte colony-stimulating factor (G-CSF)ϩFlt-3 ligand (FL), G-CSFϩstem cell factor (SCF), or G-CSF alone starting 4 hours after reperfusion. In separate experiments, chimeric mice generated by reconstitution of radioablated WT mice with bone marrow from enhanced green fluorescent protein (EGFP) transgenic mice underwent identical protocols. Mice were euthanized 5 weeks later. Echocardiographically, LV function was improved in G-CSFϩFL-and G-CSFϩSCF-treated but not in G-CSF-treated mice, whereas LV end-diastolic dimensions were smaller in all three groups. Morphometrically, cytokine-treated hearts had smaller LV diameter and volume. Numerous EGFP-positive cardiomyocytes, capillaries, and arterioles were noted in the infarcted region in cytokine-treated chimeric mice treated with G-CSFϩFL or G-CSFϩSCF, but the numbers were much smaller in G-CSF-treated mice. G-CSFϩFL therapy mobilized bone marrow-derived cells exhibiting increased expression of surface antigens (CD62L and CD11a) that facilitate homing. We conclude that postinfarct cytokine therapy with G-CSFϩFL or G-CSFϩSCF limits adverse LV remodeling and improves LV performance by promoting cardiac regeneration and probably also by exerting other beneficial actions unrelated to regeneration, and that G-CSF alone is less effective.
D espite significant advances in the treatment of acute myocardial infarction (MI), no therapies are currently available to restore dead myocardium. Although mobilization of bone marrow cells (BMCs) by cytokines has been suggested to regenerate cardiac tissue after MI and to produce functional improvement, the reports on the effects of cytokine treatment are conflicting. [1] [2] [3] [4] [5] [6] Furthermore, previous studies of cytokines have used models of permanent coronary ligation [1] [2] [3] 5 that do not reflect the fact that most patients with acute MI undergo coronary reperfusion. In addition, these studies have administered cytokines as a pretreatment 1, 2 or performed splenectomy 1, 2, 5 or both, 1,2 neither of which would be clinically feasible. Although various cytokines have been tested, the relative efficacy of different treatments or combinations of treatments has not been elucidated. Finally, the mechanism whereby cytokines improve left ventricular (LV) function and structure after MI remains obscure. It has been proposed that cytokines mobilize BMCs with subsequent homing to the infarcted tissue and transdifferentiation into cardiac lin-eage, 1-3 but this hypothesis remains unproven. Thus, numerous unresolved issues persist regarding the use of cytokines as a strategy to achieve cardiac repair after MI.
Accordingly, in the present study, we examined the effect of three cytokines (granulocyte colony-stimulating factor [G-CSF], stem cell factor [SCF], and Flt-3 ligand [FL]) on cardiac repair. The specific goals were to determine: (1) whether cytokine therapy is efficacious in the setting of a reperfused MI; (2) whether it is efficacious when started after the MI and in the presence of an intact spleen; (3) which cytokine or cytokine combination, among G-CSF, FL, and SCF, is more effective in improving LV remodeling and function; (4) whether cytokine-mobilized BMCs home to the heart and transdifferentiate into the cardiac lineage; and (5) whether cytokines facilitate BMC homing to the injured myocardium by altering the expression profile of adhesion molecules in mobilized BMCs. A well-characterized murine model of temporary coronary occlusion followed by reperfusion (a setting designed to mimic the most common clinical setting of acute MI in humans) was used. 7 A thorough assessment of LV function and anatomy was performed in conjunction with careful measurements of cardiac regeneration by confocal microscopy.
Materials and Methods
A detailed description of all materials and methods is provided in the online supplement, available at http://circres.ahajournals.org.
Generation and Characterization of EGFP Chimeric Mice
EGFP chimeric mice were generated 8 by reconstituting radioablated adult male mice (B6,129 strain) with BMCs from syngeneic enhanced green fluorescent protein (EGFP) transgenic mice. On average, 85% of the peripheral blood nucleated cells were positive for EGFP in the recipients.
Experimental Protocol
Adult male wild-type (WT; B6,129 strain, 10 to 18 weeks of age) and EGFP chimeric mice were used. The overall experimental design is summarized in supplemental Figure I.
Myocardial Infarction
Anesthetized mice underwent a 30-minute occlusion of the left anterior descending coronary artery followed by reperfusion. Starting 4 hours after reperfusion, mice received daily subcutaneous injections of vehicle or cytokine as detailed in supplemental Figure I.
Echocardiography
Serial echocardiograms were obtained at baseline (2 days before coronary occlusion) and 2 and 35 days after reperfusion. Systolic and diastolic anatomical and functional parameters were calculated using standard methods. 1
Morphometry and Histology
At the end of the follow-up period, the heart was perfusion fixed in 10% neutral buffered formalin, 1, 9 and the left ventricle was sectioned serially perpendicular to its longitudinal axis, processed, and embedded in paraffin. The infarct volume fraction was calculated by computerized planimetry (Image-Pro Plus; Media Cybernetics) of digital images of three Masson's trichrome-stained serial LV sections taken at 0.5-to 1.0-mm intervals along the longitudinal axis. 10 The midsection was used to measure LV diameter and volume. 11, 12 All anatomical parameters were corrected according to a uniform sarcomere length. 13 Immunohistochemistry was performed in formalin-fixed 4-mthick histological sections. Cardiomyocytes were recognized by the presence of ␣-sarcomeric actin and troponin T, endothelial cells by plaletet/endothelial cell adhesion molecule-1 (PECAM-1) and von Willebrand factor, and smooth muscle cells by ␣-smooth muscle actin. Colocalization of cell-specific markers with EGFP was used to identify cells that originated from BMCs. All of the primary and secondary antibodies used in these studies are specified in supplemental Table I . A quantitative analysis of cardiomyocyte regeneration was performed in 3 to 7 EGFP chimeric mouse hearts in each of groups V through VIII.
Assessment of Cardiomyocyte Proliferation
The percentage of cardiomyocyte nuclei positive for 5-bromodeoxyuridine (BrdU) and Ki67 1 was determined at 14 days after reperfusion in 4 to 6 mice in each of groups IX through XII. In addition, the percentage of cardiomyocyte nuclei positive for Ki67 at 35 days after MI was determined in 6 mice in each of groups I through IV.
Flow Cytometry
After vehicle or cytokine treatment, peripheral blood was harvested from mice in groups XIII through XVI at serial time points, stained with antibodies, and lin -/Sca-1 ϩ /c-kit ϩ cells were counted from the lymphoid gate with a multiparameter, live sterile cell sorter. 14, 15 The flow cytometric procedure is summarized in supplemental Figure II . The expression of adhesion molecules on lin -/Sca-1 ϩ /c-kit ϩ cells from untreated murine bone marrow and peripheral blood of mice (groups XVII through XX) treated with identical dosages of vehicle or cytokines as groups I through IV, respectively, was also assessed by flow cytometry.
Statistical Analysis
Data are reported as meanϮSEM. Morphometric and histologic data were analyzed with one-way ANOVA. Serial echocardiographic parameters were measured with a two-way (time and group) ANOVA followed by Student t tests with the Bonferroni correction.
Results Exclusions
A total of 188 mice (162 WT and 26 EGFP chimeric) were used. One hundred fifty-six mice were assigned to the MI studies (groups I through XII) and 32 mice to the cellular mobilization (groups XIII through XX) studies. Twenty-nine mice died in the perioperative period. Nine mice were excluded from the study because of failure of the coronary occluder, leaving a total of 14, 19, 20, and 18 WT mice in groups I through IV, respectively, and 3, 7, 6, and 5 EGFP chimeric mice in groups V through VIII, respectively. No mouse was excluded from the cellular mobilization studies (groups XIII through XX; nϭ4 per group).
Myocardial Infarct Size
The impact of cytokine therapy on LV structural and functional parameters was assessed in groups I through IV. The infarct volume fraction was similar in the four groups (supplemental Figure III) , indicating that the extent of myocardial cell death produced by the coronary occlusion was comparable. The infarct volume fraction measures the volume of scarred tissue expressed as a fraction of the entire left ventricle. 10 -12 Because the small islands of regenerated cardiomyocytes scattered throughout the scar area were included in the "infarct" region, in cytokine-treated hearts, the calculation of the infarct volume fraction was not affected by myocardial regeneration.
G-CSF؉FL and G-CSF؉SCF Therapy Improves LV Systolic Function
Before coronary occlusion (baseline), all parameters of LV function, measured by echocardiography, were similar in groups I through IV (Figure 1 ). At 48 hours after reperfusion, the degree of LV systolic functional impairment did not differ among groups (Figure 1 ), indicating that the injury sustained during ischemia/reperfusion was comparable. In vehicletreated mice, there was further functional deterioration between 48 hours and 35 days after reperfusion ( Figure 1 ). In contrast, in G-CSFϩFL-treated (group II) and G-CSFϩSCFtreated (group III) mice, LV systolic function remained unchanged or improved at 35 days compared with 48 hours (Figure 1 ). Mice in groups II and III exhibited significantly higher LV ejection fraction, fractional area change, and fractional shortening and lower LV end-systolic diameter compared with vehicle-treated mice (group I) ( Figure 1 ). Compared with group I, myocardial function in the infarct region was greater in groups II and III (systolic thickening fraction in the infarct wall, 18.6Ϯ5.9%, 26.5Ϯ2.8%, 24.8Ϯ5.4%, and 20.9Ϯ6.6% in groups I, II, III, and IV, respectively), but the differences were not statistically significant. Compared with group I, myocardial function was also enhanced in the nonischemic LV region in groups II and III (systolic thickening fraction, 33.2Ϯ4.3%, 43.9Ϯ5.3%, and 54.4Ϯ3.2% [PϽ0.05 versus group I] and 35.1Ϯ4.1% in groups I, II, III, and IV, respectively). In mice treated with G-CSF alone (group IV), there was only a marginal improvement in parameters of LV systolic function ( Figure 1E through 1G).
Cytokine Therapy Halts LV Remodeling
Both morphometric and echocardiographic analyses demonstrated that administration of cytokines attenuated adverse LV remodeling 5 weeks after infarction. Morphometrically, LV chamber diameter and LV chamber volume were lower in groups II, III, and IV compared with group I (Figure 2A and LV end-diastolic volume in cytokine-treated mice (groups II through IV). However, the reduction in LV dilatation in group IV was not statistically significant by echocardiography ( Figure 2C and 2D), and the reduction in LV volume in group II was not statistically significant by morphometry (supplemental Figure IV) . By morphometry, the infarct wall thickness improved in cytokine-treated (groups III and IV) mice ( Figure 2E ). Interestingly, mice that received G-CSF alone (group IV) also demonstrated a comparable improvement in morphometric parameters of LV remodeling (supplemental Figure IV) despite borderline functional improvement (Figure 1 ).
Cytokine Therapy Promotes Regeneration of Cardiomyocytes
In EGFP chimeric mice, the effects of cytokines on LV function and anatomy after infarction were directionally concordant with those in WT mice (supplemental Figures V and VI, respectively), despite the fact that LV size was smaller in the chimeric mice (supplemental Figure VI ) compared with WT mice (Figure 2 ). Histologic quantitation of myocardial regeneration was performed in hearts (nϭ3 to 7 per group) from EGFP chimeric mice (groups V through VIII). Cardiomyocytes derived from BMCs were identified by concomitant positivity for ␣-sarcomeric actin and EGFP ( Figure 3 ). The extent of regeneration was assessed by measuring the area occupied by EGFP ϩ myocytes rather than their number; the former parameter more accurately reflects the functional impact of regeneration. In the infarcted region, EGFP ϩ regenerated cardiomyocytes occupied only 0.9Ϯ0.1% of the myocardial area in group I; in contrast, this fraction of reconstituted myocardium was much higher in groups II, III, and IV (14.9Ϯ1.5%, 10.8Ϯ1.9%, and 4.7Ϯ1.0% of the myocardial area, respectively). The area occupied by regenerated cardiomyocytes was similar in the infarct and in the border zone. In contrast, in the noninfarcted region, the area occupied by EGFP ϩ myocytes was uniformly low in all four groups (0.2Ϯ0.1%, 0.6Ϯ0.3%, 0.4Ϯ0.1%, and 0.4Ϯ0.1% of myocardial area in groups I, II, III, and IV, respectively; Figure 4 ). Newly formed myocytes expressed connexin 43 ( Figure 5 ), indicating functional integration with adjacent myocytes. EGFP ϩ cells that were negative for cardiomyocyte markers constituted 1.2Ϯ0.6%, 3.9Ϯ0.6%, 3.5Ϯ0.6%, and 
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Cytokine Therapy for Myocardial Regeneration 2.9Ϯ0.8% of the infarcted myocardial area and 0.7Ϯ0.1%, 1.9Ϯ0.4%, 0.6Ϯ0.1%, and 1.2Ϯ0.3% of the viable myocardial area in groups I, II, III, and IV, respectively ( Figure 4 ). Thus, a fraction of the BMCs that homed to the infarcted myocardium differentiated into noncardiomyocyte cell types.
In the ischemic zone, most EGFP ϩ cells were cardiomyocytes; in the nonischemic zone, the reverse was observed.
Cardiomyocyte Proliferation
The effect of cytokine administration on cardiomyocyte proliferation at 14 days after MI was assessed in groups IX through XII by examining BrdU incorporation ( Figure 6A and 6C) in cardiomyocyte nuclei. In addition, 6 hearts from each of groups I through IV were examined for Ki67 expression at 35 days after MI ( Figure 6B and 6D) . Treatment with G-CSFϩFL, G-CSFϩSCF, or G-CSF resulted in a significant increase in BrdU ϩ and Ki67 ϩ cardiomyocytes in the infarcted region, indicating increased numbers of cycling myocytes ( Figure 6 ). The increase observed with G-CSF alone was significantly less than that seen with G-CSFϩFL and G-CSFϩSCF. In contrast, the number of cycling myocytes positive for Ki67 in the nonischemic zone at 35 days after MI was comparable in all groups (data not shown).
Regeneration of the Vasculature
Colocalization of EGFP positivity with ␣-smooth muscle actin positivity in arteriolar smooth muscle cells ( Figure 7A ) and PECAM-1 positivity in endothelial cells ( Figure 7B ) were noted predominantly in the infarct area and, to a lesser extent, in the viable myocardium. Thus, EGFP ϩ BMCs differentiated not only into cardiomyocytes but also into vascular structures necessary to supply blood to the newly formed myocardium in the infarcted region.
Mobilization of Lin -/Sca-1 ؉ /C-kit ؉ BMCs
The efficacy of different cytokine regimens in mobilizing lin -/Sca-1 ϩ /c-kit ϩ BMCs was examined by flow cytometry in groups XIII through XVI. Compared with groups XIII, XV, and XVI, G-CSFϩFL (group XIV) therapy resulted in mobilization of a significantly higher number of lin -/Sca-1 ϩ / c-kit ϩ BMCs (0.1Ϯ0.1, 28.8Ϯ3.9, 5.8Ϯ1.3, and 4.0Ϯ0.7 cells/L at 5 days in groups XIII, XIV, XV, and XVI, respectively). The increase in lin -/Sca-1 ϩ /c-kit ϩ BMC levels in group XIV was apparent at 3 days of therapy and became progressively more pronounced at 5 and 10 days. 
Cytokine Therapy Enhances Expression of Surface Antigens That Favor Homing
In groups XVII through XX, peripheral blood cells were analyzed by flow cytometry for expression of adhesion molecules on mobilized lin -/Sca-1 ϩ /c-kit ϩ BMCs. As shown in supplemental Figure 7 , all three treatments (G-CSFϩFL, G-CSFϩSCF, and G-CSF alone) resulted in increased expression of CD62P (P-selectin), an adhesion molecule that favors attachment and extravasation of BMCs, 16 and decreased expression of CD49d, an adhesion molecule that plays a critical role in retaining cells within the bone marrow. 17 Both of these changes would be expected to promote release of BMCs from bone marrow and their migration into the cardiac interstitium. However, there were significant differences in adhesion molecule profile between G-CSFϩFL-treated mice on the one hand and G-CSFϩSCFand G-CSF-treated mice on the other hand. Specifically, G-CSFϩSCF and G-CSF treatment reduced whereas G-CSFϩFL treatment increased the expression of CD62L (L-selectin) and CD11a (Figure 8) , two adhesion molecules that favor extravasation and homing of BMCs. 16 -18 Furthermore, the reduction in expression of CD49e, an adhesion molecule that promotes BMC attachment, 17 was comparatively less with G-CSFϩFL and G-CSFϩSCF treatment vis-à-vis G-CSF alone (supplemental Figure VII) . In conjunction with the quantitative analysis of the number of circulating lin -/Sca-1 ϩ /c-kit ϩ cells reported above, these results demonstrate significant differences among different cytokine regimens with respect to the modulation of the adhesion molecules responsible for homing.
Discussion
Most basic and clinical studies of cardiac regeneration have focused on cell-based therapies, 4 and relatively less is known regarding the role of cytokines in this process. The present investigation provides a number of important new findings.
Our results demonstrate that: (1) cytokine therapy with a combination of G-CSFϩFL or G-CSFϩSCF started after acute MI, halts or attenuates adverse LV remodeling, and improves LV systolic function; (2) cytokine therapy results in mobilization of bone marrow stem cells (lin -/Sca-1 ϩ /c-kit ϩ ), which home to the injured myocardium and transdifferentiate into the cardiac lineage (cardiomyocytes, vascular smooth muscle cells, endothelial cells); (3) the combination of G-CSF and FL is superior to G-CSFϩSCF or G-CSF alone with respect to its effects on LV remodeling, LV function, and mobilization of lin -/Sca-1 ϩ /c-kit ϩ BMCs into the peripheral blood; (4) all three cytokine regimens upregulated the expression of CD62P and downregulated the expression of CD49d on BMCs (CD62P [P-selectin] promotes the extravasation of BMCs, whereas CD49d is important for the retention of these cells in the marrow 16, 17 ); and (5) in contrast to G-CSFϩSCF and G-CSF alone, G-CSFϩFL treatment increases the expression of adhesion molecules (CD62L and CD11a) that favor homing of BMCs. 16 -18 CD62L (L-selectin) and the ␤2 integrin leukocyte function antigen-1 (CD11a) initiate and facilitate the attachment of peripheral blood cells to the endothelium, thereby enhancing the extravasation of these cells. 17, 18 Thus, the present investigation not only establishes the usefulness of cytokine therapy for therapeutic cardiac regeneration but also provides mechanistic insights into this phenomenon and identifies the superiority of a specific cytokine combination (G-CSFϩFL). These results have important implications for the role of cytokine-based strategies in effecting cardiac repair after acute MI. Previous studies have shown that cytokine therapies initiated before 1,2 or after 3 MI result in improved LV remodeling and function. However, to our knowledge, this is the first study to demonstrate that cytokine administration results in transdifferentiation of mobilized BMCs into the cardiac lineage and in expression of adhesion molecules that favor homing of BMCs to the injured myocardium. Furthermore, this is the first investigation to systematically compare the efficacy of G-CSF, FL, and SCF and their combination on postinfarct LV remodeling and function, and to identify the combination of G-CSF and FL as the most effective treatment.
A number of methodological considerations are in order. In contrast to previous studies, which examined models of permanent coronary occlusion, 1 we elected to use a transient 
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(30-minute) coronary occlusion followed by reperfusion. This model has greater clinical relevance because most patients with acute MI undergo either spontaneous or therapeutic coronary recanalization. We chose to initiate cytokine treatment after the MI because pretreatment (as used in previous studies 1,2 ) would not be clinically feasible. For similar reasons, we elected not to perform a splenectomy (which was performed in previous investigations 1, 2 ) . The doses of cytokines used in this study were selected because they are clinically relevant. The large group sizes (14 to 20 mice per group in groups I through IV) were deemed to be important to achieve robust conclusions. In an effort to perform a rigorous assessment of global as well as regional LV function, we used multiple echocardiographic parameters, including fractional shortening (parasternal short-axis M-mode images), fractional area change (parasternal short-axis 2-D images), ejection fraction, and systolic wall thickening. Treatment with G-CSFϩFL or G-CSFϩSCF consistently improved all of these parameters, providing solid evidence for the functional benefit of these therapies. This concept is further corroborated by the fact that two independent techniques (echocardiography and morphometry, performed by blinded investigators who were unaware of the data obtained with the other technique) demonstrated that G-CSFϩFL and G-CSFϩSCF were effective in mitigating the progressive LV chamber dilatation that is characteristic of adverse LV remodeling and ischemic cardiomyopathy. 19 The data obtained by these two methods were generally concordant. However, in Figure 2E , we present the morphometric infarct wall thickness data because the measurement of the average integrated wall thickness by morphometry may be inherently more accurate.
We chose to examine G-CSF, SCF, and FL because these cytokines are used clinically (G-CSF) or have been well characterized with respect to BMC mobilization. 15, 20 Comparison of different cytokines or combinations thereof is important because these proteins are known to preferentially mobilize different subsets of BMCs. 15, 21 FL was not studied alone because, unlike G-CSF, it does not expand lin -/Sca-1 ϩ / c-kit ϩ cells. 15 SCF was not studied as single therapy because it has low efficacy in mobilizing BMCs when used alone. 20 Our results indicate that the combination of G-CSF and FL produced the most robust results with respect to myocyte regeneration, LV remodeling, LV function, and mobilization of lin -/Sca-1 ϩ /c-kit ϩ cells. G-CSFϩSCF also resulted in significant beneficial effects, albeit to a lesser extent. The most plausible explanation for the superiority of G-CSFϩFL is that this combination resulted in mobilization of much higher numbers of lin -/Sca-1 ϩ /c-kit ϩ cells into the peripheral blood, which would be expected to enhance the homing and engraftment of BMCs in the damaged myocardium. In addition to these quantitative differences, our flow cytometric analysis reveals qualitative differences; that is, the lin -/Sca-1 ϩ /c-kit ϩ cells mobilized by G-CSFϩFL expressed higher levels of CD62L and CD11a vis-à-vis the cells mobilized by G-CSFϩSCF (Figure 8 ). The expression of these adhesion molecules may facilitate the egress of primitive BMCs from the circulation into injured tissues that express chemoattractants. 22 Having established the functional and structural benefits of cytokine therapy, we used EGFP chimeric mice to investigate the mechanism for these salubrious actions. Our results demonstrate that after administration of G-CSFϩFL or G-CSFϩSCF, mobilized BMCs home to the infarcted myocardium and differentiate into cardiomyocytes, smooth muscle cells, and endothelial cells. We found that cardiomyocyte regeneration was considerably greater with G-CSFϩFL or G-CSFϩSCF versus G-CSF alone (Figure 4) . These findings were independently validated by the measurement of cycling (ie, BrdU ϩ and Ki67 ϩ ) cardiomyocytes in non-EGFP chimeric mice ( Figure 6 ).
The mechanism(s) whereby cytokines produce beneficial effects on LV dimensions and function after MI is likely complex. Although the association of greater mobilization of lin -/Sca-1 ϩ /c-kit ϩ cells with greater improvement in LV remodeling and function after G-CSFϩFL treatment suggests that these cells may play an important role in cardiac regeneration, our results do not prove that the beneficial effects of cytokines were attributable to this subset of BMCs. The BMCs responsible for cardiac regeneration may be cell types other than the lin-/Sca-1 ϩ /c-kit ϩ cells (eg, multipotent progenitors, endothelial progenitors, etc.). It is also unknown whether, within the lin-/Sca-1 ϩ /c-kit ϩ subset of BMCs, the transdifferentiation was attributable to hematopoietic or nonhematopoietic cells. We recently identified a CXCR4 ϩ /Sca-1 ϩ /lin -/CD45nonhematopoietic subfraction of BMCs that appear to be committed to differentiation into cardiac lineages and are mobilized after MI in mice as well as in humans. 22 It is possible that these cells may account for the salubrious actions of G-CSFϩFL and G-CSFϩSCF noted in this study. Finally, mobilization of resident cardiac stem cells by cytokines could be an additional or alternative mechanism. 23 In support of this hypothesis, we noted small cardiomyocytes in the infarct area of cytokine-treated hearts that were not positive for EGFP ( Figure 3F, arrowheads) , suggesting that cytokine treatment may have induced migration, differentiation, and possibly proliferation of resident cardiac progenitor cells, which may have contributed to cardiac repair.
Harada et al 6 recently concluded that administration of G-CSF ameliorates LV remodeling and dysfunction by inhibiting apoptosis, not by promoting cardiac regeneration. Our results differ because they document transdifferentiation of BMCs into cardiac lineage (Figures 3, 4, and 7 ; predominantly in the infarct area). Nevertheless, we also noted functional improvement in the noninfarcted myocardium, where the extent of myocyte regeneration was minimal ( Figure 4 ). This enhancement in contractility in the noninfarcted region is likely attributable to nonregenerative actions of cytokines (eg, inhibition of apoptosis, favorable changes in the interstitium, etc.), suggesting that multiple mechanisms contributed to the overall improvement in LV function after G-SCFϩFL and G-SCGϩSCF therapy. Although G-CSF alone induced little cardiomyocyte regeneration, it had favorable effects on LV remodeling ( Figure 2C and 2D ; supplemental Figure IV) ; however, G-CSF alone did not improve LV function significantly (Figure 1 ). As shown in Figure 1 , measurements of LV systolic function were greater in group
